Hepatitis E virus infection is usually a self-limited disease. However, during the last years there has been growing evidence for prolonged and chronic infection occurring in patients with immunosuppression. Also patients with malignant and rheumatic diseases have been identified to be at risk for chronic hepatitis E. However, their course and prognosis are not well characterized and there have been no reports of hepatitis E virus infection in patients with gynecological cancer. Here, we report three Caucasian females with breast and ovarian cancers presenting with elevation of aminotransferase levels during anticancer treatment. Although only few or no clinical hints suggested hepatitis E virus infection, the diagnosis of hepatitis E virus infection was confirmed by seroconversion, which might occur with some delay, and/or by polymerase chain reaction. While two patients had a selflimited course, the third patient with a high-risk oncological constellation required ribavirin in order to resume chemotherapy. These cases highlight the need for hepatitis E virus testing in patients with gynecological cancer and elevated aminotransferase levels. Further, these cases show that in selected high-risk patients, ribavirin treatment may be necessary based on the decision of a multidisciplinary team.
Introduction
For decades, hepatitis E virus (HEV) infection has been considered to be a self-limiting acute tropical disease. 1, 2 Recently, this interpretation has been changed as HEV infection is not restricted to the tropics but is also endemic in the Western world 1 with different distribution of the four HEV genotypes also showing different transmission routes. HEV genotypes 1 and 2 are characteristic infections in tropical countries, that are transmitted by contaminated drinking water. In contrast, HEV genotypes 3 and 4 are endemic in industrialized nations, being transmitted via porcine meat or blood products.
1,2 Importantly, chronic HEV infection can occur in immunosuppressed individuals (i.e. solid organ recipients, human immunodeficiency virus (HIV)-infected patients, patients with lymphoma and those after stem cell transplantation). However, the prevalence and importance of HEV infection in patients with solid cancer is unclear. Indeed, elevated liver function tests in patients with solid cancer during chemotherapy comprise a broad spectrum of differential diagnoses, but acute HEV infection is not regularly considered. Here, we describe three patients with breast and ovarian cancer who acquired acute HEV infection and presented with elevated aminotransferase levels during chemotherapy.
Case report

Case 1
This 34 year-old Caucasian female received adjuvant chemotherapy to treat bilateral BRCA-1-positive breast cancer. Elevated aminotransferase levels were detected during chemotherapy and lead to referral to the Hepatology Department of the University Hospital of Bonn for multidisciplinary management of her hepatitis (Fig. 1A) . The patient had bilateral invasive G3 breast cancer (right side: invasive ductal carcinoma, pT1cpN0(0/1,sn-)M0R0L0V0G3, triple-negative; left side: metaplastic carcinoma, pT1cpN2(9/14,ece+,sn+) M0R0L0V0G3, triple-negative). Metastases were excluded and bilateral tumors surgically removed and axillary lymph nodes were dissected without complications. This high-risk patient was included in the GAIN-2 study and allocated to receive adjuvant chemotherapy with epirubicin, nanoparticle albumin-bound-paclitaxel and cyclophosphamide. A first cycle of epirubicin (150 mg/m 2 ) was started at 5 weeks after surgery. Aminotransferase levels were still normal (alanine aminotransferase (ALT) 27 U/L). Two weeks later, when a second dose of epirubicin was applied, the patient complained of severe nausea, and elevated ALT levels (201 U/L) were first attributed to drug toxicity. Aminotransferase levels continued to rise (ALT 763 U/L) and the third epirubicin dose was deferred. Ultrasonography of the liver ruled out liver metastasis, cholestasis and portal thrombosis. Viral testing revealed high HEV replication (6, 485 ,714 U/mL). Polymerase chain reactions (PCRs) performed 4 days and 7 days later yielded high viral load beyond the limit of quantification (>10,000,000 IU/mL), both in blood and stool. In order to shorten the duration of high-level HEV replication and to avoid prolonged interruption of adjuvant chemotherapy in this high-risk patient, antiviral therapy with 400 mg ribavirin bd was initiated (Fig. 1A) .
Ribavirin was well tolerated without significant decreases in hemoglobin. Serology revealed appearance of HEV-IgM and of IgG 17 days and 28 days after HEV diagnosis, respectively. HEV replication decreased continuously and the patient tested negative 6 weeks after diagnosis. After ALT levels had normalized (26 U/l) and HEV PCR became negative, chemotherapy was resumed. We continued ribavirin during the next three cycles of nanoparticle albuminbound paclitaxel and finally stopped antiviral therapy after the second cyclophosphamide cycle. Throughout the further course of chemotherapy, liver enzymes remained consistently normal and HEV replication remained undetectable.
Case 2
A 29 year-old Caucasian female developed persisting abdominal pain and presented at the Gastroenterology Department at the University Hospital Freiburg 3 days later. Two years before, she had undergone hysterectomy, omentectomy, colectomy and resection of the rectum with dissection of pelvine and paraaortic lymph nodes for treatment of ovarian cancer. After surgery, she had received chemotherapy with 8 cycles of carboplatin and paclitaxel. On admission to our department, the patient was treated with bevacizumab according to the GOG-218 study. 3 Clinical examination of the patient confirmed pain over the left upper abdominal quadrant. Changes in stool habits or gastrointestinal symptoms were not reported. Laboratory analyses revealed elevated aminotransferases (ALT 692 U/L, aspartate aminotransferase (AST) 138 U/L) as well as g-glutamyltransferase (GGT) levels (550 U/L) (Fig. 1B) . Ultrasound imaging excluded intra-or extrahepatic cholestasis, choledocholithiasis, cholecystitis, portal vein thrombosis and Budd-Chiari-syndrome. Given her history of abdominal surgery and aggravating clinical symptoms, an abdominal computed tomography (CT) scan and upper gastrointestinal endoscopy was performed, which did not reveal any significant new findings.
Since laboratory analyses suggested hepatitis, serological testing for hepatitis A, B, C and E viruses as well as EpsteinBarr virus and cytomegalovirus infections was performed yielding elevated anti-HEV IgM and IgG levels as markers of acute HEV infection. In blood and stool, the HEV PCR was negative, indicating that the patient had already spontaneously cleared the HEV infection. Abdominal pain was controlled with analgesics and the patient was discharged in a good condition.
Case 3
A 67 year-old Caucasian female presented to the Gynecological Department at the University Hospital Bonn for elective laparoscopy of an ovarian cyst. One year before she had been diagnosed with left-sided breast cancer (pT2pN0(0/3 sn-) L0V0R0M0G2, ER9/12, PR 7/12, Ki67 10%, HER-2neu negative) that was treated with left upper quadrant resection. Sentinel lymph nodes were negative and there was no evidence of metastatic disease in imaging studies. Thus, chemotherapy was not recommended in this low-risk 
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Journal of Clinical and Translational Hepatology 2018 vol. 6 | 237-240 situation. Instead, the patient received systemic tamoxifen (20 mg once daily) and radiotherapy (60 Gy). CT staging identified a left ovarian cyst (5.7 cm x 6.7cm in diameter) but surgical exploration was deferred for 1 year. Prior to anesthesia and laparoscopic adenectomy, which revealed serous ovarian cystadenoma elevated aminotransferase levels (ALT 140 U/L, AST 107 U/L, GGT 224 U/L) were noted (Fig. 1C) . Virological testing identified acute HEV infection (genotype 3, viral load 11249 IU/L in blood, 21714 IU/L in stool) in the presence of positive HEV IgM and IgG serology. Based on the patient's clinical stability and only mildly elevated aminotransferase levels, antiviral treatment was not started. Aminotransferase levels normalized (ALT 18 U/L, AST 19 U/L, GGT 51 U/L, bilirubin 0.56 mg/dL) within 4 weeks and both HEV replication and HEV IgM became negative. Throughout her hepatitis, the patient did not display any symptoms or clinical signs of acute hepatitis.
Discussion
HEV infection in immunosuppressed individuals is a topic of emerging relevance, since hepatitis E has been described in solid organ and stem cell transplant recipients and HIVinfected patients. [4] [5] [6] Furthermore, within the last months, hematological and rheumatological patients were recognized to be at risk for HEV infection. 7, 8 Here, we demonstrate that HEV infection must be considered as a differential diagnosis in patients with gynecological cancer presenting with elevated aminotransferases during antitumor treatment.
Similar to transplant recipients under immunosuppression, in whom serology may fail to detect HEV, 9 serology was not reliable in our cases. In patient 1, seroconversion to antiHEV IgM and IgG could only be observed with a delay of more than 2 weeks after first detection by PCR, indicating not to rely on serological diagnosis but to confirm diagnosis by PCR. Being aware of the highly various immune status of patients receiving chemotherapy and the possibility that serology fails to accurately detect HEV infection, we propose to perform HEV serology as well as HEV PCR in these special patients when HEV infection is suspected.
Patient 2 was diagnosed after the viremic period. Patient 3 who presented with only slightly elevated aminotransferase levels in the presence of antibodies was considered to have control of her infection. Thus, antiviral treatment was not initiated and spontaneous HEV resolution was confirmed during follow-up. In contrast, patient 1 was treated with ribavirin to facilitate early continuation of chemotherapy due to an oncological high-risk constellation. High-level HEV replication both in blood and stool 2 weeks after her second cycle of chemotherapy led to suspicion of a high risk for chronic infection due to immunosuppression. Importantly, ribavirin treatment lead to a rapid clearance of HEV. Nevertheless, treatment with ribavirin is still discussed controversially, in particular with respect to its optimum dose and treatment duration.
To date, no guidelines exist concerning the optimal dose of ribavirin in these special patients. Pischke et al. 10 described an HEV patient in whom the dose of ribavirin was reduced to 200 mg daily. However, in this patient viral rebound occurred and viral resistance was suspected. In the patients described by Pischke et al., 10 a dose of 600 mg to 1000 mg daily was applied according to the patient's comorbidities and the hemoglobin levels. 10 In our patient, the dose of 800 mg was used, as we wanted to clear the infection as early as possible in order to continue chemotherapy and to avoid development of resistance. But, we were also aware of the risk of anemia, which may have been aggravated by the applied chemotherapy. This was the main reason why we did not start with a higher daily dose of 1000 mg.
It remains unclear how long ribavirin should be given and when chemotherapy can be safely restarted. In our patient with a high need for antitumor treatment, chemotherapy was resumed after aminotransferase levels had returned to baseline. We planned to continue ribavirin treatment until the end of chemotherapy, but the patient decided to stop ribavirin when the HEV PCR had become negative and no relapse occurred during continuation of chemotherapy. This may be the rationale for discontinuation of ribavirin treatment when HEV PCR becomes negative in stool and blood. Although to date, prospective, double-blind, placebo-controlled studies focusing on the efficacy, safety and duration of ribavirin in HEV infection do not exist, our report and a large retrospective analysis in transplant recipients as well as other single center experiences seem to indicate that ribavirin is safe and efficient in this setting. 10, 11 Diagnosis of HEV infection is difficult, as symptoms can vary considerably. This was confirmed in our patients, who were either asymptomatic or presented with nonspecific complaints (i.e. abdominal pain, nausea). The differential diagnosis of elevated aminotransferase levels in patients with solid cancers and chemotherapy comprises a broad spectrum of possible underlying causes (Fig. 2) . Importantly, it is often difficult to clearly assess the main reason for elevated liver enzymes in these patients. In patient 1, we observed two peaks of aminotransferases. The first peak was primarily associated with drug toxicity. After chemotherapy was stopped, the liver enzymes did not decrease sufficiently, and after another increase further investigations were started and HEV infection was revealed. Probably, liver toxicity led to a first liver damage, which made the patient susceptible for HEV infection. However, as we did not perform liver biopsy in this patient, we cannot prove this hypothesis. In addition to exacerbation of hepatitis C virus and reactivation of latent hepatitis B virus infection, 12,13 patients receiving chemotherapy are prone to acquire further bacterial and viral infections since their adoptive immunity is severely compromised. Thus, analogous to other immunosuppressed patients, HEV infection can be acquired by contaminated food during chemotherapy of solid malignant tumors. Moreover, tumor patients often need blood products, which constitutes another possible route of HEV transmission that can lead to acute HEV 1 and progression to chronic HEV infection in the setting of immunosuppression. 14, 15 In this context, it should be critically discussed if blood donors and blood products should also be checked routinely for the presence of HEV contamination.
Of note, however, our patients did not receive blood products. After having excluded blood products as the transmission route and previous trips to HEV endemic countries, we retrospectively tried to assess the patients' eating history. Our retrospective assessment was not able to identify special eating habits. However, we have to assume food-born transmission as the most probable reason for HEV infection in the Western world. Therefore, our cases highlight that it is necessary to inform patients receiving chemotherapy about the risk of HEV transmission in undercooked meat, so that these patients develop an awareness of this probable risk.
Conclusions
In conclusion, our results clearly indicate that patients with the onset of hepatitis during chemotherapy must be tested for HEV infection. The diagnosis should be based on HEV PCR because antibody formation is delayed, and depending on the time point during the course of acute infection HEV test results might be falsely negative. Finally, the need for ribavirin in confirmed acute HEV infection must be evaluated considering the risk of tumor progression/recurrence and the level of immunosuppression induced by chemotherapy and the malignant disease itself.
